Abstract-Thermal energy storage using Phase Change Materials (PCM) is now widely applied to wall buildings. In general, PCM which is used for applications on building walls is organic PCM and has temperature range from 0℃ to 65 o C. Beef tallow and coconut oil is a type of organic PCM known as Bio PCM needs to characterize by using the T-History Method.
I. INTRODUCTION
We always feel uncomfortable conditions in the room if it is in the summer. One of the inconvenience factors is because the walls of a building that is designed cannot withstand heat from outside the walls of the building are designed mostly from concrete which has high heat conductivity [1] . One effort to overcome these problems is to manipulate these concretes by adding a Phase Change Material (PCM) which can withstand the heat. So that the heat in the room is maintained [2] .
PCM is a material that has latent heat that can store large amounts of heat energy at constant temperatures [3] , [4] . PCM consists of organic, inorganic and eutectic which have their respective thermal properties [5] . Therefore, it is necessary to choose PCM that is appropriate for its thermal properties. So that the thermal properties can also be applied to the walls of the building. PCM most easily obtained by the PCM organic and has many advantages compared to inorganic and eutectic PCM. Organic PCM can be obtained from various material sources such as vegetation, animals, and petroleum or minerals [6] , [7] . One example of plants is coconut oil [8] whereas from animals, namely beef tallow [9] , where both types have material properties capable of changing phase from solid to liquid or vice versa. Both types of material are named bio PCM due to their source from nature.
There are several ways to obtain thermal properties, namely by using a Differential Scanning Calorimetry (DSC) measuring instrument [10] , Differential Thermal Analysis (DTA) [11] and using the T-History method [12] . The DSC and DTA measuring instruments have the advantage that the data can be directly analyzed [13] . While the drawback is that the gauge is expensive and the sample used is tiny in size, where for DTA the sample size is usually 10 to 150 mg while for DSC the sample size is usually 1 to 50 mg [14] . This size causes the thermal properties of PCM not to be representative for applications that use large samples. Also, data collection cannot be carried out for the same sample, where DTA and DSC measuring instruments are usually carried out for one data sample. While the T-History method has the advantage that the rate of heating/cooling is slow so that the freezing point and melting point of PCM are obtained more accurately. Besides, it is easy to observe supercooling because the PCM sample used has a large volume.
Based on the above study, this study will examine the thermal properties of beef tallow/coconut oil bio PCM using the T-History method. The hope is that bio PCM can be used as heat storage on building walls.
The purpose of this study was to determine the thermal properties of beef tallow/coconut oil bio PCM. Where the thermal properties are melting temperature, latent heat, and heat capacity, this data can be used as a recommendation material in designing building walls that have heat-resistant materials.
II. MATERIALS AND METHOD
A. Materials PCM used in this study was beef tallow and coconut oil. The process of making beef tallow starts with buying beef tallow from the market and then separating between fat and meat. They are then boiled at a temperature of 100 ℃ until the water boils. The beef tallow from the boiling process is then reheated (without water) into the container at a temperature of 200 ℃ until the oil comes out, then the oil is filtered and done the drying process finally. From the results of the drying, the beef tallow PCM was obtained. The process of making coconut oil is the first coconut core separated from the coconut shell and then dried for 24 hours. Then shredded and mixed with water to squeeze to produce coconut milk, then left until the water and oil separate. The oil is taken and cooled until frozen, and the result is PCM coconut oil.
This coconut oil is mixed with beef fat with variations of 30, 40 and 50% respectively. Then tested the thermal properties using the T-history method.
B. Method
This research is an experimental study using the T-History method, and from experimental results, it is then analyzed based on the Yinping equation [15] . PCM of beef tallow and coconut oil varied by 100%, 70 + 30%, 60 + 40%, and 50 + 50% respectively. The data to be obtained are the thermal properties of PCM such as melting temperature (℃), heat capacity (kJ/kg. ℃), and latent heat (kJ/kg).
Before testing using the T-History method, the PCM thawing process and heating water (reference). Two tubes consisting of the first tube containing water as a reference and another tube filled with PCM samples. The mass of the two tubes (tube) is known to be 80 gr each while the mass of water and PCM are 93 gr and 90 gr respectively. A hot water container is used to melt PCM and to heat water (reference). When PCM is ascertained all have melted (heated above the melting point of PCM) and the temperature of the water (reference) is the same as the PCM temperature, then the two tubes are transferred to the environment for the natural freezing/cooling. When PCM and water (reference) are frozen/cooled, the temperature will drop until it is completely constant. When it is confirmed that the test is constantly stopped.
To find out the phenomena that occur in the sample ktype thermocouples are installed with a diameter of 0.3 mm. The thermocouple is connected to the Agilent 34970 A type of acquisition data. Data obtained from reading Agilent 34970 A is recorded and stored on a computer device as shown in Figure 1 . Data from this computer will then be processed into a T-History graph. This T-History graph is then analyzed using the equation quoted from the Yinping reference [15] . 
III. RESULTS AND DISCUSSIONS
Testing of thermal properties using the T-History method has been successfully carried out as evidenced by the emergence of supercooling on the temperature profile. Figure 2 is a temperature to time profile with a 100% sample beef tallow, beef tallow + coconut oil 70 + 30%, beef tallow + coconut oil 60 + 40%, and beef tallow + coconut oil 50 + 50%. The time needed for all tests to be truly constant is 200 minutes. It is seen that the PCM sample and reference sample in the test tube during the cooling/freezing process experienced a decrease in temperature. For bio PCM samples undergoing supercooling process during the solidification process, while for water (reference) there is no supercooling. Based on the graph obtained supercooling temperature, melting temperature, and supercooling degree. The amount of supercooling temperature, melting temperature for each bio PCM sample 100%, 70 + 30%, and 50 + 50% are 34.9, 31.84, 31.47, 30.67 ℃ and 37.4, 35.07, 34.41, 33.53 ℃. From these data it can be seen that the effect of adding coconut oil to beef tallow results in a decrease in supercooling temperature and melting temperature Whereas the degree of supercooling for each bio PCM sample is 100%, 70 + 30% and 50 + 50% are 2.5, 3.23, 2.94, and 2.86 ℃ as shown in Figure 3 .
After obtaining supercooling temperature, melting temperature and supercooling level on the bio PCM sample then the calculation of specific heat (solid and liquid), and latent heat was carried out. The amount of specific heat (solid and liquid), and latent heat from the Bio PCM sample is obtained by using equations 1-3. The results are summarized in Table 1 .
Based on Figure 3 , it can be seen that melting temperature of beef tallow/coconut oil obtained is between 33.53 -37.4 ℃. The magnitude of this melting temperature can be recommended for applications on building walls where PCM used for applications on building walls has a range temperature 0 -65 o C [16] , [17] . In addition, based on the amount of melting temperature obtained, it can be seen that there is an effect of decreasing the melting temperature on beef tallow due to the addition of coconut oil from 37.4 to 33.54 ℃. The decrease in melting temperature is very good if applied to the walls of the building because the load for the cooling system is getting smaller so that it can increase the efficiency of electricity consumption.
While the data obtained from Table 1 shows that the effect of adding coconut oil to beef tallow caused a latent heat reduction from 101.05 to 72.32 kJ/kg. Another effect of this latent heat reduction causes the need for a lot of material when used for applications on the walls of the building when compared to without the addition of coconut oil to beef tallow. 
IV. CONCLUSION
Testing the thermal properties of bio PCM beef tallow/coconut oil using the T-History method for applications on building walls has been successfully carried out, and data on desired thermal properties have been obtained. The conclusion is that the amount of latent heat, specific heat, and melting temperature for beef tallow without coconut oil are 101.05 kJ/kg, 2.25 kJ/kg℃ and 37.4 ℃ respectively. While latent heat, specific heat, and melting temperature for beef tallow with coconut oil are 72.32-85.48 kJ/kg, 2.19 -2.8 kJ/kg℃, and 33.53 -35.07 ℃ respectively. The effect of adding coconut oil to beef tallow causes a decrease in latent heat. However, the effect of the decline can still be used on building wall applications.
